T HE MILLENNIUM DEVELOPMENT Goals (MDGs) were established in 2000 in a declaration adopted unanimously by the member countries of the United Nations to focus resources and efforts toward the critical global poverty, health, and sustainability problems (http: //millenniumindicators.un.org/unsd/mdg /Default.aspx). The MDGs set numerical targets to be achieved by 2015 and use socioeconomic, environmental, nutritional, and health indicators to monitor progress toward these targets. There are concerns that the progress toward some of the health-related MDGs has been slow in many countries, making it very difficult to achieve them by the target date.
country disparities in intervention needs and coverage. 4 However, there are at least 2 compelling reasons to examine how the factors that comprise the MDGs and the related interventions are distributed within countries: first, better nutritional, environmental, and health outcomes are important for improving the welfare of the poor and, therefore, can complement the broader, explicitly stated MDG of reducing poverty 3 ; and second, the absolute health benefits from specific nutritional and environmental interventions may depend on which segment of the population receives the interventions.
We evaluated how programs and policies related to 2 MDGs and their specific indicators-eradicating extreme poverty and hunger (goal 1) and ensuring environmental sustainability (goal 7)-affect a third MDG, reducing child mortality (goal 4). Specifically, we estimated (1) to what extent interventions related to children's nutritional and environmental status are expected to reduce child mortality and (2) how the total benefits, as well as the distribution of benefits, from these interventions are expected to vary based on economic status of the intervention recipients . We evaluated these integrated interventions in 3 regions: Latin America and the Caribbean, South Asia, and subSaharan Africa. To examine the role of economic status of intervention recipients, we compared 2 hypothetical ways of implementing programs and policies: improving nutritional and environmental MDG indicators equally across all levels of economic status vs giving priority to either poorer or wealthier households.
METHODS

Overview
We conducted a population-level comparative risk assessment (CRA) using data that were defined and measured consistently and comparably across countries for the following indicators related to the aforementioned 3 MDGs: economic status, child mortality (mortality rate in children younger than 5 years), child nutrition as measured by anthropometry (prevalence of underweight children younger than 5 years, an indicator for the MDG of eradicating extreme poverty and hunger), water and sanitation (proportion of population with sustainable access to an improved water source and with access to improved sanitation, indicators for the MDG of ensuring environmental sustainability), and household fuel use (proportion of population using solid fuels, another indicator for the MDG of ensuring environmental sustainability) (TABLE 1). The CRA estimates the number of child deaths that would be prevented if exposures to the MDG-related risk factors were reduced through effective interventions. 6 Inputs to the CRA are (1) risk factor exposure, based on Demographic and Health Surveys (DHS), (2) relative risks for each disease outcome causally associated with risk factor exposure, based on systematic reviews conducted in the World Health Organization (WHO) CRA project, 6, 7 and (3) total number of child deaths from each disease based on the WHO databases and the Child Health Epidemiology Reference Group.
To consider the role of the economic status of intervention recipients, all analyses were conducted stratified on a comparable measure of wealth (described below) and repeated for each of the intervention scenarios in TABLE 2.
To take into account country-specific epidemiological characteristics (eg, the diseases that contribute to child mortality), we conducted all calculations separately for each country, following the steps in FIGURE 1. All analyses were conducted using Stata statistical software, version 9.2 (Stata Corp, College Station, Texas).
Data Sources
Demographic and Health Surveys. The DHS program, which was established in the 1980s, is a nationally representative household survey program that primarily focuses on maternal and child health in developing countries. The survey instruments are extensively validated through pretesting and are standardized across countries. The DHS constitutes one of the largest consistent and comparable health survey programs in the world and is used in many analyses related to maternal and child health including those performed by WHO, the United Nations Children's Fund, and the United Nations Population Division. (For detailed information on DHS design, instruments, and implementation and access to the data sets, see http://www.measuredhs.com and http://www.statcompiler.com.) In each country, the DHS questionnaire is The international reference group (ie, one with sufficient nutrition) itself has a distribution, reflecting the background variation in growth. As a result, in this reference group, 0.1% of children are lower than −3 SDs, 2.1% between −3 SDs and −2 SDs, and 13.6% between −2 SDs and −1 SD of weight for age. 5 Child undernutrition may also be measured as low height for age (stunting) and low weight for height (wasting). We have used weight for age, a combination of the above 2 measures, to be consistent with the Millennium Development Goal indicator and with the most recent published meta-analysis of epidemiological studies.
administered to a nationally representative sample of women aged 15 to 49 years and includes questions on basic sociodemographic characteristics; household asset ownership; water sources and sanitation facilities; fuel use; complete birth history and children's survival; contraception use; antenatal, delivery, and postpartum care; breastfeeding and nutrition; and children's health. Each DHS includes measured weight and height data for children born in the 3 or 5 years preceding the interview.
The DHS surveys use a multistage cluster design. The sample sizes for all but 2 surveys used in our analysis ranged from more than 5000 to more than 90 000; 2 surveys from smaller countries had sample sizes of more than 3000. The response rates for all but 3 of the DHS surveys used in our analysis were greater than 95%; 2 other surveys had response rates greater than 93% and 1 survey had a response rate of 88% (see aforementioned Web sites). We used the most recent DHS survey data (surveys conducted before 1990 were not used) from 42 countries in the 3 regions, Latin America and the Caribbean, South Asia, and sub-Saharan Africa, for estimating risk factor exposure and child mortality (these 42 surveys were among the 144 used for estimating economic status). We did not use surveys that included only preliminary data. The countries with surveys covered 58% of the regional population younger than 5 years in Latin America and the Caribbean, 96% in South Asia, and 83% in sub-Saharan Africa (listed in eTable 1, available online at http://www.jama.com).
CRA Project Reviews of Risk Factor Epidemiology. The CRA project was coordinated at WHO between 1999 and 2002. For each risk factor, an expert working group conducted a comprehensive review of the published literature as well as other sources (government reports, international databases, etc) to obtain data on effects size (relative risk [RR] ). The work included a number of reanalyses of original data, systematic reviews, and meta-analyses of randomized intervention studies and observational epidemiological studies. There was particular emphasis on ensuring that the bias due to confounding in RRs was adequately dealt with by using RRs from randomized studies or studies with adjustment for multiple covariates. Each risk factor chapter was anonymously peer-reviewed by external reviewers (more than 160 peer reviews plus multiple rereviews as appropriate), by the CRA editorial group, and in the process of publication in scientific journals. 6, 9 Data sources and methods are described in detail in individual risk factor chapters and summarized elsewhere. 5, 6, 10, 11 . For countries without a vital registration system, CHERG used a 2-step approach: in the first step, all available historical data were used to divide total deaths (from demographic methods) into 3 broad groups: communicable, noncommunicable, and injuries. This step also used information on the country's economic development and regional characteristics. In the next step, CHERG used single-cause and multicause proportionate mortality models, together with all available population-or community-based epidemiological data, to divide deaths into specific diseases. Estimates for human "Equal-50" (50% reduction) Interventions are implemented so that 50% of children exposed to the 3 nutritional and environmental risks are moved to the lowest risk level. The 50% improvement occurs in each of the 5 economic quintiles (ie, reduction proportional to number of people who are currently at risk in each quintile).
Differential-Coverage Implementation of Interventions
50% "Pro-poor" reduction Interventions are implemented so that 50% of children exposed to the 3 nutritional and environmental risks are moved to the lowest exposure category. In each country, interventions begin among the poor (quintile 1) and continue toward the wealthier quintiles until 50% of all exposed are covered by interventions. 50% "Pro-wealthy" reduction Interventions are implemented so that 50% of children exposed to the 3 nutritional and environmental risks are moved to the lowest exposure category. In each country, interventions begin in the wealthiest group (quintile 5) and continue toward the poorer quintiles until 50% of all those exposed are reached. This is equivalent to an intervention program that targets "low-hanging fruit," those economic groups with best current access to intervention delivery infrastructure. 3, 4, 8 a This scenario is more ambitious than the Millennium Development Goal (MDG) targets. We used this scenario because it demonstrates the theoretical maximum reduction in child mortality that can be achieved by addressing the other environmental and nutritional MDG-related risks and interventions.
immunodeficiency virus/AIDS, tuberculosis, and vaccine-preventable diseases also used data and epidemiological and natural history models from UNAIDS and WHO technical groups. This effort has led to better estimates of the causes of death in children than ever before-arguably substantially better estimates than for causes of death in adults. Further details of the methods are described elsewhere.
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Measuring Economic Status
There are several ways of measuring economicstatusinhouseholdsurveys,including monetary measures (eg, self-reported income and expenditure) and nonmonetary indices derived from information on ownership of household assets (eg, television,radio,car,motorcycle).Asset-based approaches use the information content inthesetofassetsownedbyagivenhousehold to estimate a "wealth index" for that household and are therefore based on a long-term conceptualization of wealth, one that is arguably more relevant as a determinant of health. Asset-based approachesarealsomorerobusttocommon reporting biases that make monetary income and expenditure at the lower end ofthespectrumespeciallyproblematic. 16, 17 Asset-basedindiceshavebeenwidelyused in equity analyses in low-and middleincome countries, including analyses of the DHS, the World Health Surveys, and several country health surveys.
3,8,18-29
The asset-based index used in this analysis(step1inFigure1)wasdeveloped by Ferguson et al 30 and has been applied in several other studies, especially ones that required cross-population comparability. 18, 19, 21, 23, 24, 26 The method of Ferguson et al 30 is conceptually similar to other commonly used asset-based approaches andisidealforcomparativecross-country analysis because (1) it incorporates both asset ownership and household sociodemographic characteristics that are related to household wealth, such as the education, age, and sex of the household head and urban-rural residence and (2) the wealth indices from all DHS surveys are placed on the same international scale.
The effects of asset ownership and household characteristics on household wealth were simultaneously estimated using a random-effects probit model, with the hierarchical error term at the household level. The output of the model is a set of covariate coefficients and asset cut points. The covariate coefficients represent the underlying relationship between each sociodemographic predictor and the "latent wealth variable." The asset cut points represent the point or threshold on the (latent) wealth scale above which a household is more likely to own a particular asset. This "asset ladder" was then applied to every household in each survey to produce adjusted estimates of household wealth.
To obtain measures of wealth that are comparable across countries, we first set a single international scale for wealth, then rescaled all country-specific results to this scale. The international scale refers to all developing countries for which DHS data were available at the time of analysis; this includes 144 DHS surveys in 66 countries between 1985 and 2005. To set the international wealth scale, we calculated international asset cut points as the weighted means of the compiled country-specific ones (weights account for the sample sizes for surveys from each country and the population of each country). Rescaling to the common international scale used a simple linear transformation. For each country, the country-specific cut points were regressed against the international cut points. The coefficients were applied to the estimates of wealth for each household, resulting in estimates on the international scale while preserving withincountry rank order.
To estimate international wealth quintiles, rescaled estimates of wealth from individualsurveyswereappendedandquintile cutoffs were set using appropriate sample weights. These weights represent the probability of choosing the household from the international population (note that "international" refers to all countryyears represented by the 144 surveys used intheanalysis).Toconvertsampleweights for each household from individual surveys into an "international" weight, we multiplied the former by the ratio of the country population to the total population of all countries with a survey. The results of this analysis provide estimates of average economic status at the country level that are highly correlated with gross domestic product per capita (correlation coefficient=0.83) (data available on request), supporting that the index can be usedforcross-countrycomparativeanalysis. Copies of statistical programs to replicate the analysis are available from the authors.
Because the quintiles of wealth index are international, in countries with very high poverty, most people fall in the poorest quintile(s) and few in the wealthiest. For example, 60% or more of the populations of the Central African Republic, Chad, Ethiopia, Madagascar, and Niger lived in the poorest quintile vs 5% or less To take into account country-specific epidemiological characteristics, these steps were conducted for each country in each region. Regional PAF estimates of preventable deaths for each quintile were aggregated from the estimates for individual countries and applied to regional disease-specific deaths. DHS indicates Demographic and Health Surveys; PAF, populationattributable fraction; WHO, World Health Organization. a The 3 risk factors are child undernutrition (underweight), unsafe water and sanitation, and indoor air pollution from solid fuels ( Table 1) .
inthewealthiestquintile.Incontrast,some countries in Latin America and the Caribbean had no or few households in the poorest quintile, with 10% and 7% of the regional population in the poorest 2 quintiles vs 34% and 37% in the wealthiest 2 quintiles (eTable 2, available online at http://www.jama.com).
Child Mortality and Risk Factor Exposure by Economic Status
We used total and disease-specific mortality among children younger than 5 years for each country from the WHO databases. We divided disease-specific deaths for each country into wealth quintiles using weights that were proportional to the total number of under-5 deaths in the quintile, n i , as given by equation 1 (step 3 in Figure 1 ):
The number of under-5 deaths in each wealth quintile, n i , is a product of 2 factors: (1) the population younger than 5 years in the quintile and (2) the annual mortality rate in the quintile, r i . To calculate annual mortality rate by wealth quintile, we used the DHS data. We applied standard demographic techniques 31 to information on complete birth histories from the DHS data, described in detail in the DHS supporting documentation, 32 to estimate the probability of death between birth and the fifth birthday, 5 q 0 , for the 5-year period prior to the survey (step 2 in Figure 1 ). The probability 5 q 0 was converted to annual mortality rates using the relationship shown in equation 2, a common demographic relationship. 31 The denominator of equation 2 represents the total number of person-years lived between birth and age 5 years, which is the sum of the years lived by those who survived to age 5 years (first term) plus the years lived by those who died during the interval (second term). The number 5 in the first term in the denominator is included because those who survive to age 5 years contribute 5 person-years. The value of 0.8 is the estimated average number of years lived by those who died before age 5 years, because child mortality declines rapidly with age, with most deaths occurring during the first month and a large proportion during the first year of life.
The levels of risk factors for child mortality (Table 1) by wealth quintile for each country were calculated directly from the DHS data (step 4 in Figure 1 ; national data provided in eTable 2).
Mortality Prevented Through Risk Factor Interventions
To estimate the child mortality effects of interventions for nutritional and environmental MDGs at the population level, we used the disease-specific mortality and risk factor exposure by wealth quintile in each country, as calculated above, together with data on the hazardous effects of each risk (measured by RR). The RRs for each risk factor came from systematic reviews and metaanalyses of the epidemiological literature in the CRA project (TABLE 3) .
The proportional reduction in mortality that would be achieved by decreasing exposure to a risk factor from its current level to some alternative postintervention scenario can be estimated using the population-attributable fraction (PAF) relationship in equation 3 (also known as the potential impact fraction relationship). 6, 34, 35 where n is the number of exposure categories (n=4 for undernutrition and unsafe water and sanitation and n = 3 for fuel use) ( Table 3) ; P i is the proportion of population currently in the ith exposure category; PЈ i is the proportion of population in the a The lowest exposure category for each risk factor is the reference category, with a relative risk of 1.0. b Based on a meta-analysis of 10 cohort studies of mortality to obtain hazard in 1-SD increments. 5 In addition to these infectious diseases, some children die directly as a result of severe undernutrition. These deaths are coded directly as protein-energy malnutrition according to the International Classification of Diseases, 10th Revision. c Based on a systematic review of multicountry randomized intervention studies and observational studies. 10 We excluded 1 additional exposure category (an ideal situation in which there was complete absence of pathogen transmission) that was included in the comparative risk assessment project 10 because it does not correspond to any known or even hypothetical water and sanitation intervention that can be implemented in achieving the Millennium Development Goals. All relative risks were recalculated relative to the lowest fecal-oral pathogen transmission exposure category that corresponds to water and sanitation interventions. d Based on a systematic review and meta-analysis of epidemiological studies of solid fuel use 11 and an exposure-response relationship study in Kenya that included multiple exposure categories and quantified the beneficial effects of charcoal relative to wood.
ENVIRONMENTAL AND NUTRITIONAL INTERVENTIONS AND CHILD SURVIVAL ith exposure category in alternative exposure scenarios, as defined in the intervention scenarios in Table 2 ; and RR i is the RR of disease-specific mortality for the ith exposure category.
For each disease caused by exposure to these risk factors, we first computed PAFs for individual risks using equation 3 (step 5 in Figure 1) . Diseasespecific deaths may be caused by multiple risk factors acting simultaneously and, hence, can be prevented by intervening on each of the risks. For example, some deaths from childhood pneumonia may be prevented by removing exposure to indoor air pollution from solid fuels or by improving child nutrition. 9 As a result of multicausality, the PAFs for interventions related to multiple risk factors overlap and cannot be combined by simple addition. 9 Under specific assumptions, described below, the combined (joint) PAF that avoids double-counting the overlap of interventions on multiple risk factors is given by equation 4. 9, 35, 36 In equation 4, the proportion of the disease that can be prevented by reducing exposure to the ith risk factor equals PAF i , and (1−PAF i ) is the proportion that is not preventable by intervention on the ith factor. The second term in the right-hand side of equation 4 (ie, the product of all [1 − PAF i ] terms) is the fraction of disease that is not preventable through interventions on any of the n risk factors. One minus this term is the fraction attributable to the combined effects of interventions on the n risk factors.
where PAF i is the PAF of the ith individual risk factors.
For diseases affected by multiple risk factors (diarrhea and lower respiratory tract infections), we estimated the combined PAFs using equation 4 (step 6 in Figure 1 ). This provided the proportional reduction in deaths from each disease as a result of the combined effects of intervention on all 3 risks and properly accounted for multicausality. The proportional reduction was used in equation 5 to calculate the number of deaths from each disease that would be prevented by interventions on all 3 risk factors (step 7 in Figure 1 ).
where AM j is deaths from disease j prevented as a result of interventions on all 3 risk factors;
PAF j is the PAF for disease j from interventions on all 3 risk factors combined; and M j is total deaths from disease j.
The preventable deaths were then summed across diseases to obtain the total (all-cause) mortality that would be prevented through interventions on all 3 risks (step 8 in Figure 1 ). Preventable deaths from different diseases can be added because in cause-of-death statistics, following the International Classification of Diseases system, each death is categorically assigned to a single underlying cause (disease) and, unlike risk factors, there is no overlap between diseasespecific deaths.
There are 2 key assumptions when using equation 4. First, exposures to these risks are uncorrelated. Environmental and nutritional risk factors for child mortality may be correlated because undernutrition, unsafe water and sanitation, and use of solid fuels are more common among the poor. Positive correlation among risk factors in relation to economic status is accounted for by conducting all analyses stratified on wealth quintile. We examined whether there was withinquintile correlation of risk factors using data from 6 large DHS and found that there was little remaining correlation beyond what was accounted for by stratification on the wealth quintiles (data available on request). Because positive correlation between risks increases the estimated PAFs, remaining correlation between risks would strengthen the findings of our analysis.
The second assumption is that the hazardous effects of one risk are not mediated through other risks. Child growth (eg, weight for age) may be affected by diet (eg, protein-energy consumption) as well as previous infections. [37] [38] [39] Therefore, some of the hazardous effects of indoor air pollution from solid fuels and unsafe water and sanitation (which result in lower respiratory tract infections and diarrhea, respectively) may be mediated through low weight for age. To account for potential mediated effects in a sensitivity analysis, we repeated all the analysis assuming that 50% of the excess risk (RR−1) from indoor air pollution from solid fuels and unsafe water and sanitation are mediated through underweight, based on reviews of epidemiological studies reported elsewhere. 9 The results of this sensitivity analysis for TABLE 4 are shown in eTable 3 (available online at http://www .jama.com).
RESULTS
Child Mortality and Risk Factor Exposure by Economic Status
An estimated 0.36 million, 3.38 million, and 4.79 million children younger than 5 years died in Latin America and the Caribbean, South Asia, and subSaharan Africa in 2004, respectively (Table 4) , with corresponding annual mortality rates of 6.5, 19.9, and 39.1 per 1000 children. Child mortality declined with increasing wealth in all regions (FIGURE 2). In South Asia, child mortality declined across all quintiles, with the greatest decline between quintiles 2 and 4. In Latin America and the Caribbean and in sub-Saharan Africa, the differences in child mortality were smaller in the first 3 quintiles, but there was a sharp decline in the higher wealth levels. This may reflect more demarcated inequalities in socioeconomic status and in access to preventive and clinical services in these 2 regions compared with those in South Asia. Beyond the economic gradient within each region, Figure 2 illustrates that child mortality among the poor was substantially higher in sub-Saharan Africa (46.9 and 42.7 deaths per 1000 children in quintiles 1 and 2, respectively) than in Latin America and the Caribbean (9.6 and 10.2 deaths per 1000 children), with South Asia having levels between these 2 regions. Our analysis also re-
ENVIRONMENTAL AND NUTRITIONAL INTERVENTIONS AND CHILD SURVIVAL vealed significant variation in mortality across countries in each region. Countries with the highest mortality rate among the poor were Niger (75.6 per 1000 children), Mali (58.6), and Nigeria (58.1); those with the lowest mortality among the poor were the Dominican Republic (6.0 per 1000 children), Paraguay (8.3), and Peru (10.3) (data available on request).
Child mortality varied less for households in the wealthiest quintiles, ranging from 21.5 per 1000 children in subSaharan Africa to 4.4 per 1000 children in Latin America and the Caribbean in quintile 5. In other words, children in wealthier households had more similar (and better) survival across nations and regions compared with children in poor households, whose survival varied enormously. For example, in the poorest quintile, the child mortality rate varied between 6.0 per 1000 children (Dominican Republic) and 31.1 (Haiti) in Latin America and the Caribbean, between 20.4 (Nepal) and 27.2 (Pakistan) in South Asia, and between 15.5 (Namibia) and 75.6 (Niger) in sub-Saharan Africa. The larger variation among the poor may be due to differential exposure to nutritional and environmental causes of child mortality and/or differential access to health care for treatment of childhood diseases (eg, oral rehydration therapy for diarrhea and antibiotics for pneumonia and other infections).
Based on DHS risk factor data (eTable 2), an estimated 56%, 87%, and 83% of the 339 million children in the 3 regions were exposed to preventable risks associated with undernutrition, unsafe water and sanitation, and indoor air pollution from solid fuels, respectively, and, hence, in need of interventions. The poor in every region had higher exposure to all 3 risks, but there was heterogeneity in regional and socioeconomic patterns of risk factor exposure (FIGURE 3, FIGURE 4 , and FIGURE 5). Unlike child mortality, which was highest in sub-Saharan Africa, underweight was highest in South Asia in every wealth quintile. The poor in Latin America and the Caribbean had slightly worse access to safe water and sanitation than those in South Asia and sub-Saharan Africa, possibly reflecting a decade or longer of targeted water and sanitation interventions in the latter 2 regions. In all regions, the poor relied on solid fuels, while wealthier households (quintiles 4 and 5) in sub-Saharan Africa used solid fuels substantially more than households of the same affluence in the other 2 regions. This reflects nearly universal reliance on biomass fuels in both rural and urban parts of Africa.
33
Total Health Benefits of Interventions
The MDG-4 target is to reduce the mortality rate of children younger than 5 years by two-thirds between 1990 and 2015. Between 1990 and 2004, child mortality declined by 39%, 28%, and 9% in Latin America and the Caribbean, South Asia, and sub-Saharan Africa, re- spectively (see Figure 1 in Lopez et al 13 for 1990 levels). To achieve the MDG target, the reduction required as a proportion of 2004 mortality rates would be approximately 45% in Latin America and the Caribbean, 53% in South Asia, and 63% in sub-Saharan Africa. If interventions for the 3 nutritional and environmental MDGs reached all children who need them ("equal-100" scenario), an estimated 49 700 annual child deaths in Latin America and the Caribbean (14%), 0.80 million in South Asia (24%), and 1.47 million in subSaharan Africa (31%) would be prevented (Table 4 ). These effects are equivalent to 30% to 48% of the regional gaps between mortality levels in 2004 and the MDG target (Table 4 and Figure 2 ). Excluding deaths during the neonatal period, which can be prevented primarily through better antenatal, maternal, and neonatal health services, 40 the corresponding proportional reductions in mortality would be 22% in Latin America and the Caribbean, 39% in South Asia, and 39% in subSaharan Africa (data available on request). The benefits of these environmental and nutritional interventions are smallest in Latin America and the Caribbean, in both absolute and relative terms, because the majority of the population of this region is in the wealthier quintiles and has already achieved low levels of child mortality and improved environmental and nutritional status. The 14% reduction in child mortality in this region would nonetheless contribute substantially to achieving the MDG target. The benefits would be larger in poorer countries in the region such as Haiti (28%) and Nicaragua (24%) (data available on request).
If environmental and nutritional risks are reduced by 50%, as envisioned by the MDGs, and if the reductions are distributed proportionally to current exposures across all wealth quintiles ("equal-50" scenario), there would be an estimated 24 900 (7%), 0.40 million (12%), and 0.74 million (15%) fewer child deaths in Latin America and the Caribbean, South Asia, and sub-Saharan Africa, respectively. If the same interventions were delivered preferentially to the poor ("pro-poor" scenario), the estimated total number of preventable deaths would be 26 900 (7%) in Latin America and the Caribbean, 0.51 million (15%) in South Asia, and 1.02 million (21%) in sub-Saharan Africa. These reductions are 8% to 39% higher than those expected in the "equal-50" scenario. These "pro-poor" programs would reduce the remaining gap toward the child mortality MDG target by 16% to 34%. In contrast, the aggregate benefits would be 19 000 (5%), 0.39 million The chart shows current mortality rate as well as rates expected after implementing the intervention scenarios shown in Table 2 . The percentages of households in each wealth quintile in each region are as follows: in Latin America and the Caribbean: Q1, 10%; Q2, 7%; Q3, 13%; Q4, 34%; Q5, 37%; in South Asia: Q1, 16%; Q2, 16%; Q3, 24%; Q4, 21%; Q5, 23%; and in sub-Saharan Africa: Q1, 29%; Q2, 17%; Q3, 22%; Q4, 19%; Q5, 14%. Regional mortality rate estimates for each quintile are weighted averages of rates for individual countries in the same quintile, with weights for each country proportional to the number of children younger than 5 years in the quintile in that country. The scales on the panels are different to increase resolution. Child mortality is reported as annual rate (ie, with the numerator as the number of deaths and the denominator as the number of children in 1 year) to be consistent with the literature on disease-specific mortality; eg, a recent analysis of the global burden of disease. 13 Infant and child mortality can also be reported as per 1000 live births ( 5 q 0 ), with the 2 units related as described in equation 2. For comparison, the annual mortality rate was 1.3 per 1000 children in high-income countries in 2001.
(12%), and 0.58 million (12%) averted deaths if the 50% interventions first reached the wealthier households ("prowealthy" scenario).
Health Benefits of Interventions by Economic Status
Because the poor have higher environmental and nutritional risk exposures and intervention needs, all intervention scenarios except the "prowealthy" scenario would also reduce the disparity in child mortality between poor and wealthier families. For example, the difference in mortality rate between quintiles 1 and 5 would be reduced from 5.2 to 3.8 per 1000 children in Latin America and the Caribbean, from 8.6 to 5.4 per 1000 children in South Asia, and from 25.4 to 12.8 per 1000 children in sub-Saharan Africa in the "equal-100" scenario (100% reduction; Figure 2 ). The equity benefits would be even larger if the interventions prioritized the poor ("pro-poor" scenario), reducing the difference in mortality rate between quintiles 1 and 5 to 3.5 per 1000 children in Latin America and the Caribbean, 2.4 per 1000 children in South Asia, and 10.1 per 1000 children in sub-Saharan Africa (Figure 2 ).
COMMENT
The results of our analysis demonstrate that complete coverage of effective interventions that address child undernutrition and provide clean water and sanitation and clean household fuels would reduce child mortality by an estimated 14% to 31% in Latin America and the Caribbean, South Asia, and sub-Saharan Africa. These benefits would close 30% to48%ofthecurrentregionalgapstoward the MDG target for reducing child mortality. These interventions would also be expected to reduce the absolute disparity in child mortality between poor and better-off households. The poor have a largerproportionalreductioninchildmortality because they currently have higher exposure; they also have larger absolute benefits (ie, greater reductions in mortality rate) because of both larger proportional benefits and larger initial mortality levels (ie, a greater percentage reduction of a larger total number of deaths). Fifty percent coverage of the same environmental and nutritional interventions, as envisioned by the MDGs, would have 30% to 75% larger benefits for reducing child mortality if the interventions were targeted to the poor first than it would if the interventions benefited wealthier households, who nonetheless are also in need of MDG-related interventions. In other words, pro-poor nutritional and environmentalinterventionsnotonlyreduce within-populationchildmortalitydisparities but also are significantly more effective in achieving the aggregate MDG target of reducing child mortality. This effect is strongest in sub-Saharan Africa, where child mortality is farthest from the MDG target. Pro-poor interventions have larger aggregate benefits, especially in subSaharan Africa, because they deliver environmentalandnutritionalinterventions to children who are most susceptible to dyingofsuchexposures,possiblybecause of limited access to medical services.
Our results are based on populationlevel analyses, in relation to economic status. Economic status is multifaceted and its measurement is complex. Asset- 
Sub-Saharan Africa
Exposures are measured using the variables described in Table 1 . Regional estimates for each quintile are weighted averages of those for individual countries in the same quintile, with weights for each country proportional to the number of children in the quintile in that country. See eTable 2 for exposure data from individual countries.
based methods provide a robust approach to comparable measurements. For this reason, the DHS wealth index is commonly used. 3, 8, 20, 22, 25, [27] [28] [29] However, the DHS were not explicitly designed to measure economic status and it is possible that the full set of asset items does not fully differentiate households throughout the distribution of income in a country. As a result, the true gradient in child mortality and risk factors might be even steeper than observed in our results, which would strengthen our findings. More detailed measurement of economic status and the identification of the absolute poor are necessary for better reporting toward the MDGs. Risk assessment analytics used in our work apply relative risks from meta-analyses of epidemiological studies to populationlevel exposure and disease-specific mortality data. Although this is necessary to develop evidence for population-level effects of risk factors, programs, and policies based on epidemiological evidence, the results, by definition, are estimates (vs direct measurement). Related to this, while interventions for the risk factors considered in our analysis are available, 33,41 the implementation scenarios are, by definition, hypothetical. Therefore, our analyses and results are intended to draw attention to the important issues of integrated intervention programs and the poverty status of intervention recipients in future efforts.
Beyond these issues that enter all population-level analyses of poverty, risk factors, and mortality, there are a number of limitations and sources of uncertainty specific to the data used in our analysis. The DHS constitutes the largest international survey program, with implementation procedures, sample sizes, and response rates that are comparable with or better than those in many high-income countries. To obtain data directly from as many countries as possible, we have used the most recent survey for each country, for years after 1990. The fact that surveys were implemented in different years might affect comparability across countries. To test how sensitive our results are to the year of the survey, we repeated all of our analyses excluding surveys that were older than 10 years. Although the number of preventable deaths changed (by 2%-3% in sub-Saharan Africa, 6%-9% in South Asia, and 18%-27% in Latin America and the Caribbean for different scenarios; data available on request), there were no changes in the ordering of scenarios in terms of their benefits or in any of the conclusions made based on the results.
The most important source of uncertainty in our estimates is likely to be the use of disease-specific child death estimates in countries without complete vital statistics. Considering the full range of uncertainties for all-cause and diseasespecific deaths, Mathers et al 42 estimated that regional uncertainties in deaths from diarrhea, lower respirator tract infection, malaria, and measles were about 11% in Latin America and the Caribbean, 10% to 17% in South Asia, and 20% to 23% in sub-Saharan Africa (some of this uncertainty is in the total number of deaths and some is in the distribution of deaths across diseases; in the second component, deaths from these diseases cannot be simultaneously underestimated or overestimated). The re- Exposures are measured using the variables described in Table 1 . Regional estimates for each quintile are weighted averages of those for individual countries in the same quintile, with weights for each country proportional to the number of children in the quintile in that country. See eTable 2 for exposure data from individual countries.
cent work of the Child Health Epidemiology Reference Group 9 has led to better data and more consistent models for these estimates. Therefore, while uncertainty in actual death numbers remains an attribute of all quantitative analyses in global health, the overall conclusions of our analyses on the benefits of pro-poor integrated interventions are unlikely to be simply an artifact of diseasespecific mortality methods.
The disease-specific quintile weights that we used were based on all-cause mortality (equation 1) and reflect the empirical finding that most under-5 deaths in developing countries are due to neonatal conditions and a small number of infectious diseases. These diseases (eg, diarrhea, lower respiratory tract infections, and malaria) are the same as those affected by the environmental and nutritional risk factors considered in this article. To examine the sensitivity of our results to this assumption, we repeated the analysis using a model in which the proportional share of diseases in each quintile was related to the quintiles' total mortality level (empirically, the proportional share of infectious diseases like diarrhea and lower respiratory tract infections is larger when total mortality is higher 43 ). Our conclusions on the effects of pro-poor programs were strengthened in this alternative analysis, presented in eTable 4 (available online at http://www.jama .com). This is because when disease composition depends on total mortality, an even larger share of infectious disease deaths occurs among the poor, which in turn leads to higher absolute benefits of risk factor interventions.
The Millennium Declaration of the United Nations has provided the motivation, framework, and resources to initiate policies and programs to achieve specific development goals in a sustainable manner. Although the interdependence of multiple MDGs is broadly and qualitativelyrecognized, 3 therehasbeenlittlesystematic effort to integrate the design, implementation, and evaluation of programs across goals and across the sectors that are responsible for them. Halfway throughtheirintendedtimeline,however, theslowrateofprogresstowardtheMDGs has led to increasing concerns about whethertheywillbeachievedby2015and has created an imperative for identifying effective programs. The results of our analysis demonstrate a real opportunity for leveraging the linkages between multiple MDGs to substantially increase the possibility of achieving them. In addition to highlighting the need for funding, implementing, and monitoring such integratedinterventionprograms,ouranalysis demonstrates that the health benefits would be largest if the MDG-related nutritionalandenvironmentalinterventions systematicallyandpreferentiallyreachthe poor. It has also been argued that the absence of pro-poor programs are driven by political and institutional factors rather than by considerations about their feasibility or costs. 3 Above and beyond their aggregate effectiveness, equity considerations in our analysis provide an ethical imperative for pro-poor programs 4, 8 and should motivate progressive intervention programs that index recipient communities and households based on their level of poverty as well as on exposure to nutritionalandenvironmentalrisks(eg,poor rural communities, urban slums). In par- Exposures are measured using the variables described in Table 1 . Regional estimates for each quintile are weighted averages of those for individual countries in the same quintile, with weights for each country proportional to the number of children in the quintile in that country. See eTable 2 for exposure data from individual countries. ticular, to increase the accountability of both national governments and internationaldonors,monitoringprogresstoward the MDGs should also be based on reporting multiple environmental, health, and nutritional indicators together with the economic status of the recipient households and communities.
